The reaction of 8-aza-and 7-deaza-8-aza-purines with Cu :+ cations in acid solution has been studied. At a pH value of 2, the 8-azaadenine complex [Cu(H 2 0) 4 (AAdH) 2 ](N0 3 ) 2 (1), which displays Cu-N9 coordination, may be isolated from solution. The reaction of CuCl 2 with 8-azahypoxanthine in concentrated HCl solution leads to ring opening at C 2 of the azapurine with subsequent formation of dichlorobis [(5-amino-4-carboxamide) [l -3]triazole] copper(II) dihydrate 2, in which the triazole ligands display a chelating function, coordinating the metal via N7 and 06. The results for 1 and 2 suggest that copper coordination of the azapurine base is not a prerequisite for opening of the pyrimidine ring. Respectively N9-and N8-coordinated complexes [CUC13(A11H3)]" 3 and [CuCl 2 (H 2 0)(MAllH)] n (4) of allopurinol (A11H 2 ) and 9-methylallopurinol (MA11H) may be prepared by the reaction of CuCl 2 with the respective bases in HCl solution. In contrast, with the analogous l-methyl-4-aminopyrazolo [3,4-d]pyrimidine MAPP, only the salt (MAPPH)4(CU2C18) (5) could be isolated under similar conditions, indicating that N8 is less attractive as a binding site in this 7-deaza-8-azaadenine derivative. The structures of 1-5 have been established by X-ray structural analysis. A distorted octahedral [4+2]geometry is found for the copper atoms in 1 and 2. Chlorine bridged polymeric chain structures are adopted by the complexes 3 and 4. An intermediate coordination geometry between trigonal bipyramidal and square-pyramidal is observed for the metal atoms in 3, a distorted square-pyramidal geometry in 4.
Introduction
The effective antineoplastic properties of various 8-azapurine nucleosides are well documented [1] . Adoption of the unusual high-anti (-sc) conformation at the glycosidic bond N9-Cl' has been suggested as being the main cause for their mode of action, but it is manifest that alterations in the hydrogen bonding pattern and in the charge distribution within the heterocyclic base with regard to the naturally occuring parent nucleosides may also play a significant role [2] . Replacement of the 8-CH groups in purine bases with an isoelectronic aza nitrogen leads to a marked reduction of the basicities of the adjacent atoms N7 and N9. Molecular orbital calculations have indicated that the 8-aza nitrogens carry virtually no residual charge [2, 3] .
Interaction of base nitrogen atoms of the 8-azapurines with metal cations will lead to further alterations in the charge distribution within the heterocycles and could, as a result, also influence the nature of hydrogen bonding interactions between base pairs. * Reprint requests to Prof. Dr. W. S. Sheldrick.
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We have recently confirmed N9 as the primary binding site for the methylmercury(II) cation with 8-azaadenine (AAdH), 8-azahypoxanthine (AHxH 2 ) and 8-azaguanine (AGuaH 2 ) [4, 5] . N1, N3 and N6 were identified as secondary binding sites for 8-azaadenine, N1 for the latter two azapurines, which both contain a 6-oxo function. Complexes in which a second triazole nitrogen is coordinated by a mercury atom could not be isolated from the solutions, indicating that with N9 blocked, N7 or N8 of an azapurine may not be competitive as a site for metal binding. Unidentate metal-N3 coordination has been observed for the 8-azaadeninium complex [ZnCl 3 (AAdH 2 )], in which the base is protonated at both N1 and N 8 [6] . In contrast, reaction of CuCl 2 with 8-azaadenine in 0.36 M HCl leads to ring opening of the pyrimidine ring at C2 [7] .
In the copper complex of the degradation product (5-amino-4-carboxymidine)[l-3]triazole, which was isolated from the reaction mixture, the metal is coordinated by N 8 of the triazole ring (using the conventional numbering scheme for the five membered ring of a purine base). As 8-azaadenine is not degraded under similar conditions in the absence of Cu :+ cations, the authors Suggested that initial coordination of the metal at N8 may assist hydrolysis at C2 [7] , This hypothesis would appear to be in contradiction to our finding that N8 is not a significant binding site for the 8-azapurines (at least for CH 3 Hg + complexes in the pH range 2-10). This prompted us to commence a systematic study of the interaction of Cu 2+ cations with 8-azapurines in acid solution. In the first part of this article we report (i) the preparation (pH = 2) and structural analysis of [Cu(H 2 0) 4 (AAdH) 2 ](N0 3 )2 (1), in which Cu -N9 coordination is observed, and (ii) the structural characterisation of the copper complex of the degradation product of 8-azahypoxanthine,
• 2 H 2 0 (2), in which N7 of the triazole ring is coordinated.
In the second part of this work we present a study of the interaction of Cu 2+ cations with 7-deaza-8-azapurines. The study of such bases, which are isomeric with naturally occuring purines, should provide information on the binding properties of N 8 in a pyrazole ring fused to a pyrimidine ring, and allow a comparison with N7 of a fused imidazole ring. Both allopurinol and its isomer hypoxanthine are substrates for xanthine oxidase. Hypoxanthine is oxidised via xanthine to uric acid, which is subsequently released from the active site of the enzyme. In contrast, oxypurinol, the oxidation product of allopurinol, remains bonded to the enzyme. As a result of its ability to inhibit uric acid production, allopurinol is sometimes administered as an and-hyperuricemia drug [8] , It has also been used in con- 
X-ray structural analysis of 1-5
Crystal and refinement data for 1-5 are summarised in Table I . Unit cell constants were obtained from a least-squares fit to the settings of 25 reflections recorded on an Enraf-Nonius CAD 4 diffractometer. Intensity data were collected on the four- Table I . Crystal and refinement data for 1-5. 2 ) in 2 and 5 were held constant during the refinement. All nonhydrogen atoms in 1-5 were assigned anisotropic temperature factors. The terminal reliability indices are liste in Table I . Weights were given by the expression w = (cr(F 0 )+/rF 0 2 ) -1 with p = 0.005. Empirical absorption corrections were carried out on all data sets. Calculations were performed with MULTAN-82 (P. Main), with the SDP suite of programs (Enraf-Nonius) and with local programs. Positional parameters for the nonhydrogen atoms with equivalent isotropic temperature factors for 1-5 are listed in Table II . Bond lengths (Ä) and angles to the copper atoms and within the base moieties are contained in Tables III and IV respectively. Lists of observed and calculated structure factors for 1-5, 7 [11] and 8 [14] may be received from Fachinformationszentrum Energie, Physik, Mathematik GmbH, D-7514 Eggenstein-Leopoldshafen 1. The Registry-No. 52237, CSD 52237, the names of the authors and the reference should be given. 
Discussion
The molecular structures of compounds 1 (the cation) and 2 are displayed in Figs. 1 and 2 . In both complexes the copper atom occupies a crystallographic centre of symmetry. The conventional numbering scheme for purine bases, as given in Fig. 1 , is used throughout this work. In contrast to the findings of Hodgson et al. [7] , who obtained crystals of complex 6 (Fig. 3) upon evaporation of a 0.36 M HCl solution of CuCl 2 and 8-azaadenine, we were able to Table IV . Bond lengths (Ä) and angles (°) in the base moieties in 1-5. obtain an N9-coordinated complex of the Nl-protonated original base from a Cu(N0 3 ) 2 solution at a pH value of 2. The observation of N9 as the primary binding site is in accordance with our findings for methylmercury complexes. At the same pH value, we were able to isolate an analogous 1:1 cation of CH 3 Hg + [4] , The copper atom in 1 is coordinated by two 8-azaadenine moieties and by four water molecules. It displays a distorted octahedral [4+2] geometry, with Cu -O distances of 1.961(2) and 2.624(2) Ä. As may be seen from At a pH value of 1.0-1.5, the salt 8-azaadeninium nitrate 7 can be crystallised from aqueous solution [11] . This suggests that very strongly acid conditions, as reached upon evaporation of the original 0.36 M HCl solution, are necessary to initiate ring opening at the pyrimidine C2. This prompted us to study the behaviour of 8-azahypoxanthine under similar conditions. As for 8-azaadenine, degradation of the base was observed, in this case to (5-amino-4-carboxamide)[l-3]triazole. In contrast to the former 8-azapurine, metal-N7 and not metal-N8 coordination was established for the copper complex crystallised upon evaporation of the solution. In addition, the 06 atoms of the two coordinated triazole ligands participate in relatively weak bonds to the central metal atom (2.647(2) Ä), leading to the building of five-membered chelate rings. Such a coordination mode for primary binding has often been suggested for guanine and hypoxanthine complexes (e.g. with Pt 2+ ), but has not, as yet, been establised by X-ray structural analysis [12, 13] , We have, however, recently observed such a chelate ring for the secondary bonding of the CH 3 Hg~ cation to 9-benzyl-8-azahypoxanthine [5] , Chelation is achieved in 2 through a narrowing of the angles 06-C6-C5 and in particular N7-C5 -C6, in comparison to those typically observed in purines and their analogues. Thus a value of 121.3(3)° is observed for the latter angle in 2, whereas At7-C5-C6 (At7 = N7 or C7) lies between 132.0° and 132.0° in the other complexes in this work. The angle of bite of the chelate ring 06-Cu 1-N7 is only 73.1(1)°. The distorted octahedral [4+2] geometry of Cul in 2 is completed by two symmetry related Cl atoms. The observation of different metal binding sites for the triazole rings in 2 and 6 indicates that coordination probably occurs after degradation of the respective 8-azapurine. Indeed a strong metal interaction with either N 7 or N 8 of the original base appears to be unlikely, when our investigations of CH 3 Hg + complexes are taken into account. N7 is the preferred site for the complex 2, as this enables chelation with 06.
Chlorine bridged polymeric chain structures are adopted by the complexes 3 and 4 (Figs. 4 and 5) . Cu-N9 coordination is found for the allopurinol complex 3, with protonation of Nl, N3 and N8. This means that the positive charge of the allopurinolium monocation A11H 3 + is formally located at N 3 of the pyrimidine ring. We have recently confirmed a similar protonation pattern for the cation in (A11H 3 )C1 8 [14] . In contrast, N9 is protonated in the crystal structure of the free base [15] . An assignment of the allopurinol protonation constants to N8 (pK fll = 1.348), N1 (pK fl2 = 9.107) and N9 (pK fl3 = 11.785) was made by Lindner et al. [16] . UV absorption and I3 C NMR spectra support the presence of both N8 and N9 tautomers in solution [17, 18] . With N9 blocked in MA11H, complex 4 displays Cu-N8 coordination. The base is not protonated at N3. The ligand sphere of the copper atom is completed by two Cl atoms (one of them Cll with a bridging function) and by a water oxygen trans to N8. The coordination geometry is distorted square pyramidal with Cl 1' in the axial position at a distance of 2.729(1) Ä. If the weak interaction of length 3.159(1) Ä between the copper atom and C12 with coordinates -l+x, y, z is taken into consideration (see Fig. 5 ), then the coordination of Cu 1 is raised to octahedral. Chain building is in the direction [100] with the positions Cl 1 and Cl 1' related by the translation vector l+x.
Observation of N8 coordination in 4 led us to study the behaviour of the analogous 9-methyladenine isomer MAPP under strongly acid conditions in the presence of CuCl 2 . However, only the salt (MAPPH)4(CU2C18) (5) could be isolated. N1 of the base is protonated. Individual CUC1 4 2~ moieties are linked via bridging Cll atoms into centrosymmetric dimers in which the coordination of the individual copper atoms in distorted square pyramidal. This result suggests that the stability of N8 coordinated complexes of MAPP is less than those of MA11H. Further evidence for this hypothesis is provided by our recent results on CH 3 Hg + complexes of the two bases [19] . In accordance with the present results for Cu 2+ , an N8-coordinated complex could be isolated for MA11H but not for MAPP. We are at present carrying out Potentiometrie stability constant measurements on such complexes, in order to further clarify the binding proclivities of the nitrogen atoms.
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